We investigated the relationship between transcriptional activity and the quantity of ribosomal cistrons of the nucleolar organizing regions (NORs) in chromosomal pair 3 of the Spanish mole Talpa occidentalis. Transcriptional activity was estimated by the size of conventional silver-staining signals. The number of ribosomal cistrons was estimated by the size of the in situ hybridization signals obtained with a ribosomal DNA probe. A sample of cells was studied with each method in four different individuals, and the results obtained with the two techniques were compared. Furthermore, sequential analysis on the same cells was carried out to study the association of interstitial nucleolar constrictions with silver staining and in situ hybridization. Interchromosomal, intercellular and interindividual variability were found with both silver staining and in situ hybridization methods. Our results show that transcriptional activity of NORs does not depend exclusively on the number of ribosomal cistrons they have as a high percentage of cells had two NORs with abundant ribosomal cistrons, only one of which was active. Additional factors, probably responsible for the activation of transcription, may be involved in this variability.
Introduction
Silver staining (Ag staining) is the cytogenetic method most commonly used to detect the position of nucleolar organizing regions (NOR5) on chromosome preparations (Goodpasture & Bloom, 1975) . However, the biological significance of this technique remains unclear, and has been the cause of much debate for several years.
An association between Ag staining and transcriptional activity of ribosomal genes during the preceding interphase was suggested by several authors (Howell, 1977; Hubbell, 1985) . This hypothesis has been refuted by others (Raman & Sperling, 1981; Medina et a!., 1983) , who supported the view that Ag staining requires only a decondensed state of the NOR chromatin (nucleolar constriction) to occur.
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Jiménez et a!. (1988) demonstrated that decondensation of NORs is neccesary but not sufficient for Ag staining, and suggested that preceding transcriptional activity is also needed.
Furthermore, considerable intercellular and interindividual variability in both the size and number of Ag-stained NORs (Ag-NORs) has been reported in most species analysed up to now (Schmid, 1982; Sanchez et a!., 1989 Sanchez et a!., , 1990 Suzuki et a!., 1990) . This variability may be a consequence of differences in the rRNA requirements of cells in the preceding interphase (Sanchez et al., 1989) .
In situ hybridization (ISH) with rDNA probes has also been used to study NORs. Although this is a qualitative rather than a quantitative technique, an association between the size of the hybridization signal observed in a given NOR and the number of ribosomal cistrons it contains has been proposed (Wachtler et al., 1986; Suzuki et a!., 1990; Leitch & Heslop-Harrison, 1992) . Similarly, the size of the ISH signal was also proposed to be associated with the size of the Ag staining signal (Schubert & KUnzel, 1990 In anurans the length of the nucleolar constrictions is associated with the size of the corresponding Ag staining signals (Schmid, 1982) 
Materials and methods
A total of four individuals (two males and two females) of the mole species Ta/pa occidentalis (Insectivora, Mammalia) were trapped live in Vega de Granada (Granada province, southern Spain) by using home-made mole traps (unpublished data). Chromosome preparations were made from bone marrow cells in accordance with our standard air-drying procedure (Burgos et al., 1986) . Ag staining was carried out according to the method of Rufas et a!. (1982) .
For in situ hybridization to fixed metaphase chromosomes we used a Syrian hamster rDNA For sequential analysis, in situ hybridized metaphase plates were photographed in preparations mounted in a 1:1 mixture of glycerol and distilled water. Then preparations were mounted in DePex, and when hybridization signals had completely disappeared, the same plates were photographed again for secondary constriction studies, as they retained the Giemsa counterstaining.
Results were statistically tested by using the Contingence Tables procedure included in the STAT. GRAPHICS PC software package.
Results
According to cytogenetic data previously reported for the species Ta/pa occidentalis (Jiménez et a!., 1984), the mole individuals analysed in this study showed a karyotype of 2n = 34 chromosomes, and a single NOR was located interstitially at the large secondary constriction in chromosome pair 3.
Initially we scored a total of 639 in situ hybridized metaphase plates. On the basis of the size and inten- and (iii) cells with a single signal (Fig. 1) . Table 1 summarizes the number of these cell types in each particular individual. Interindividual differences were evident (x = 62.47; P = 0.0000).
In a second experiment, a total of 579 Ag stained metaphase plates were scored. Similarly, three cell types could be recognized: (i) cells with two identical signals; (ii) cells with two different signals; and (iii) cells with a single signal (Fig. 2) . Table 2 summarizes the distribution corresponding to these cells. Interindividual differences were also clear in this case (x = 44.02; P = 0.0000).
Furthermore, a sequential analysis of both homologous chromosomes in a total of 80 cells was carried out to determine the size of the ISH signal and the nucleolar constriction (Fig. 3) . In each cell we compared the size of the nucleolar constriction with Finally, the results obtained with both ISH and Ag-NOR techniques in each particular individual were tested in contingency tables with respect to the three cell types observed. Table 3 summarizes the x2 values and the significance levels of these tests. The existence of significant differences clearly demonstrates that the distribution of cell types depends on the technique used.
Discussion
Workers using the Ag staining technique have described NOR polymorphism and heteromorphism in amphibians (Schmid, 1982) , fishes (Gold, 1984) and mammals, including humans (Mayr et a!., 1984; Sasaki et al., 1986; Sanchez et a!., 1989 Sanchez et a!., , 1990 Suzuki et a!., 1990; Mellink et al., 1994) . In view of the association between the size of the Ag signal and transcriptional activity of the NOR (Miller et al., 1976) , such a heteromorphism is probably a consequence of transcriptional differences between NORs. Accordingly, in 48.5 per cent of the mole cells analysed in this study, only one of the two homologous NORs was active, whereas in the remaining 51.4 per cent of the cells, both NORs were active irrespective of whether they showed different (26.9 per cent) or similar (24.5 per cent)
Ag signals.
The presence (or absence) and size of the Ag signal were also shown to be associated with the presence (or absence) and size of the nucleolar constriction, i.e. the decondensed state of the NOR chromatin (Schmid, 1982; Jiménez et a!., 1988) . It seems, therefore, that there is also some relationship between NOR chromatin decondensation and transcriptional activity.
When the ISH technique is used to study NORs, the presence and the size of the ISH signal depends (Shubert & Wobus, 1985; Gillings et al., 1987) . In this respect, the existence of interindividual variability implies that these processes are also produced in the germ line, and thus give rise to polymorphism for the mean number of NOR chromosomes per cell. Mole individual T-422 (Table 1) is a representative example of this phenomenon.
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